Introduction {#sec1-1}
============

Giant cell tumor (GCT) of bone is one of the most common bone tumors of adults encountered by an orthopedic surgeon and radiologist alike. It is a benign aggressive tumor of skeletally mature individuals with incidence peaking in third decade of life \['\]. In skeletally immature individuals giant cell tumour is extremely rare ('.8% to 7.5%) with slight female preponderance and epi-metaphyseal location \[[@ref2]\]. We hereby report two cases of giant cell tumor in pediatric age group, one of which was managed by wide excision and total elbow replacement and another by extended curettage-cementation and plate-screw augmentation followed by good functional outcome in both the patients.

Case report {#sec1-2}
===========

In our orthopaedic oncology clinic we have come across two pediatric patients having giant cell tumor of bone in last two years. First patient was a 15 years old male child presenting to us with history of pain, swelling in right distal humerus for last three months. Second patient was thirteen years old male who came with a history of swelling proximal tibia and painful ambulation for last four months. Their detailed clinicopathological profile is given in [Table 1](#T1){ref-type="table"}. There was no antecedent history of trauma or systemic disease. Radiologically features of epiphyseometaphyseal lesion, thinned out cortices, physeal destruction and wide zone of transition were noted more so in first patient. Keeping in view age of patients and radiological appearance differential diagnosis-of chondroblastoma, brown tumor, aneurysmal bone cyst and giant cell tumor were kept. Biochemical profile revealed normal serum alkaline phosphatase levels thereby excluding hyperparathyroidism. MRI in both patients was suggestive of GCT which was confirmed by histopathology examination.

###### 

Clinico-Pathological Profile of Patients

  Profile                 Case 1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Case 2
  ----------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Clinical Profile                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Age/Sex                 15 years / M                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             13 years / M
  Site                    Distal humerus Rt side                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Upper tibia Left side
  Clinical features       Pain, swelling distal humerus for 3 months                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Pain, swelling upper tibia for 4 months
  Investigation Profile                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  X-Ray                   Lytic, destructive lesion distal humerus, blown out appearance, thin cortices, wide zone of transition                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Eccentric, Lytic, epiphyseo metaphyseal destructive lesion upper tibia, with partial physeal destruction
  MRI                     Coronal T1 image A) showing expansile isointense to hyperintense lesion involving metaphyseal and epiphyseal regions of distal left humerus with thinned and indistinct overlying cortex at places and along articular suface of elbow joint. Coronal STIR image (C) shows multi-cystic lesion with presence of fluid-fluid levels along with elbow joint effusion. Axial (E) T1 post gadolinium images show intense heterogenous enhancement of the lesion with cortical break and extension into adjacent soft tissue (arrows in E) \[[Fig.2](#F1){ref-type="fig"}\]   Coronal T1 axial images revealed well defined intermediate signal intensity epiphyseo metaphyseal lesion proximal tibia.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Axial T1 weighted fat saturated post gadolinium images showed intense enhancement of the lesion with cortical break and extension into adjacent soft tissue along with patchy enhancement of adjacent bone \[[Fig. 4](#F4){ref-type="fig"}\]
  Histopathology          Aggregates of round to ovoid cells with hyperchromatic nuclei, moderate pleomorphism, scant eosinophilic cytoplasm seen infiltrating skeletal muscle with few interspersed multinucleate giant cells                                                                                                                                                                                                                                                                                                                                                                     Sheets of evenly distributed multinucleated giant cells (10-60nuclei) in background of benign stromal cells with mild to moderate atypia. Stromal cells infiltrating surrounding adipose tissue and skeletal muscle

Both patients had Campanacci grade III giant cell lesions and were managed surgically. As Case 1 had cortical breach in multiple planes, large soft tissue component, total physeal destruction, large area of subchondral bone involvement, hence wide resection with total elbow replacement was planned \[[Fig.1](#F1 F2){ref-type="fig"}\]. Case 2 had minimal cortical breach and a small soft tissue component. Hence this patient was managed by extended curettage, cementation and plate-screw construct augmentation. There was wound dehiscence at six weeks in this patient which was managed by gasrtrocnemius flap \[[Fig.3](#F3){ref-type="fig"}\]. Both the patients are free of recurrence at one year follow up.

![A. X Ray distal humerus lytic, expansile epiphyseometaphyseal lesion B. Islanding of lateral biopsy scar C. Skin Incision D. Resected tumor specimen with cortical breach E Total elbow replacement F. Follow up X Ray.](JOCR-5-57-g001){#F1}

![A. Coronal T1 M R I expansile isointense to hyperintense epiphysiometaphyseal lesion, thinned and indistinct overlying cortex. B. Coronal STIR image multi-cystic lesion, fluid-fluid levels along with elbow joint effusion C. Axial T1 post gadolinium images intense heterogenous enhancement of the lesion with cortical break and extension into adjacent soft tissue (arrows in C) D. High resolution histopathology slide showing giant cells and stroma with moderate atypia.](JOCR-5-57-g002){#F2}

![A Extended curettage with burr B. Cementation with plate screw augmentation C,D. Gastrocnemius flap.](JOCR-5-57-g003){#F3}

Discussion {#sec1-3}
==========

Identical to their adult counterpart, the most common site of pediatric giant cell tumors is around the knee (lower end of the femur and the upper end of the tibia) followed by distal radius and proximal humerus, distal humerus being a rare site \[[@ref3]\]. Out of two patients presented here the first one had giant cell tumor of right distal humerus and the second one in left proximal tibia. Giant cell tumors of bone (GCT) are primarily metaphyseal lesions that reach their typical epimetaphyseal location after growth plate closure \[[@ref4]\]. Open physis is known to restrict GCT to an almost exclusively metaphyseal location \[[@ref5]\], while according to some authors an open physis does not prevent GCT from penetrating the physis to become epiphyseometaphyseal \[[@ref3]\]. In present study too both patients had open physis, still the lesion was epiphysiometaphyseal suggesting a more aggressive behaviour of lesion \[[@ref6]\].

The principles of management in pediatric giant cell tumor range from local control without compromising joint function and preservation of physis as much as possible to wide resection and reconstruction, the latter being used only in select group of patients. Local control without compromising joint function is achieved with thorough curettage of the lesion aided with a burr (extended curettage). Campanacci grade I, II and even III lesions especially with no joint invasion, less than 50% metaphyseal destruction and uniplanar soft tissue mass are treated by this modality \[[@ref7]\]. Many adjuvants and techniques of reconstruction after curettage have been described in literature, but adequate removal of the tumor with extended curettage is a more important predictive factor for surgical outcome rather than the use of adjuvants \[[@ref8]\]. Autograft, allograft, tantalum, synthetic bone substitutes like calcium phosphate as well as bone cement have been used for filling the cavity after curettage. Auto and allografts have drawbacks like limited availability, collapse and infection while use of tantalum with allograft and bone marrow though promising is limited by its high cost \[[@ref9]\]. Bone cement (PMMA) is a cheaper and much popular alternative. It allows early weight bearing, physical rehabilitation and return to activity by maintaining normal anatomy and providing immediate stability. It fills irregular cavities and moulds around implants. Recurrence can be detected earlier when bone cement is used as cavity fillng agent. But frequency of postoperative fractures following extended curettage and cementation is a problem which needs consideration. A study reported fifty-two patients with benign giant-cell tumors treated with extended curettage, cryosurgery with liquid nitrogen and cementation. Although the rate of tumor recurrence was low, approximately 25% of the patients had postoperative fractures \[[@ref10]\]. Metal augments (screws, steinmenn pins and plate-screw constructs) have been advocated to address this problem of postoperative fractures. They provide immediate stability, early weight bearing and postoperative fracture prevention, resulting in better functional outcome and improved musculoskeletal tumor society score (MSTSS) \[[@ref11]\]. Proximal tibial T Plate and screw construct was used in our study in the second patient as metal augment.

![A Coronal T1 MRI well defined intermediate signal intensity epiphyseo metaphyseal lesion proximal tibia B. Axial T1 fat saturated post gadolinium images showed intense lesion enhancement, cortical break and adjacent soft tissue extension (Arrow B) along with patchy enhancement of adjacent bone C. Followup X Ray.](JOCR-5-57-g004){#F4}

Wide resection and reconstruction is opted only in select group of patients with Campanacci grade III lesions with joint invasion, multiplanar soft tissue component and when large area of subchondral bone is involved by the tumor \[[@ref12]\]. Under in such conditions bone salvagibility by intralesional methods is bound to result in a severe mechanical compromise thereby impairing restoration of skeletal integrity and leading to a severe functional compromise \[[@ref13]\]. Biological options like hemi-articular and total elbow allografts have been used for reconstruction of the defects following distal humerus tumor resection, but the complication rates are high, hence wide resection and total elbow arthroplasty enables good functional outcome and lower risk for recurrence \[[@ref14]\]. Biological options like reconstruction with allografts are reserved as salvage procedures following failed total elbow arthroplasty. Both our patients were Campanacci grade III lesions with first patient having thinned out cortices, cortical breach, total subchondral bone involvement and a large soft tissue component. Hence wide resection and total elbow replacement was chosen in this patient while second patient had relatively contained lesion, partial epiphysiometaphyseal involvement, minimal uniplanar anteromedial soft tissue mass and hence was treated with extended curettage, cementation and plate-screw construct augmentation. Physeal penetration and destruction by aggressive GCT is bound to lead to angular deformities and growth related problems. In adolescents this is not common as residual growth left is very less. Metastasis usually to lung and malignant transformation are other lesser known complications. The frequency of pulmonary metastases in GCT has ranged from 1% to 6% \[[@ref15]\]. Local recurrence has been noted to increase risk of lung metastasis up to as high as six fold especially in grade III lesions \[[@ref1]\]. In the event of lung function compromise due to metastasis, metatatectomy or pulmonary wedge resection may be required. Recurrence is quite common due to the difficulty in achieving complete clearance because of breached anatomical boundaries by GCT along with extension into the adjacent soft tissue. This can be managed by further curettage and cementing, with a minor risk of increased morbidity \[[@ref16]\].

Conclusion {#sec1-4}
==========

Although GCT is a rare entity in pediatric age group, it mirrors the behaviour of its adult counterparts in terms of location, treatment, recurrence and course of the disease. It must be considered as one of the possible differential diagnosis of epiphyseometaphyseal lesions in pediatric and adolescent population in spite of its rarity \[[@ref17]\].

###### Clinical Message

Clinical examination, proper imaging including X Rays, MRI followed by histopathological confirmation is necessary to arrive at accurate diagnosis in pediatric giant cell tumor of bone. Serum alkaline phosphatase is an important biochemical marker as its normal levels rule out brown tumor of hyperparathyroidism. Modality of surgical management, extended curettage or wide resection is based on parameters like cortical breach, large soft tissue component and extent of subchondral bone involvement.
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